(R)-2,3,4,5-Tetrahydro-2,2,4-trimethyl-1,5-benzothiazepine and rac-5-benzoyl-2,3,4,5-tetrahydro-2,2,4-trimethyl-1,5-benzothiazepine: chains built from NÐHÁ Á ÁS and CÐHÁ Á Áp(arene) hydrogen bonds Molecules of (R)-2,3,4,5-tetrahydro-2,2,4-trimethyl-1,5-benzothiazepine, C 12 H 17 NS, are linked into spiral C(5) chains by a single NÐHÁ Á ÁS hydrogen bond, while molecules of rac-5-benzoyl-2,3,4,5-tetrahydro-2,2,4-trimethyl-1,5-benzothiazepine, C 19 H 21 NOS, are linked into zigzag chains by a CÐ HÁ Á Á%(arene) hydrogen bond.
Comment
We report here the molecular and supramolecular structures of two trimethylbenzothiazepines, (I) and (II), and we compare them with the N-nitroso analogue, (III), whose structure has been reported recently (Laavanya et al., 2002) . These compounds are of interest because their molecular constitutions have some resemblance to that of the calcium antagonist drug diltiazem [(2S,3S)-3-acetoxy-5-(dimethylaminoethyl)-2-(4-methoxyphenyl)-2,3-dihydro-1,5-benzothiazepin-4(5H)-one, (IV)] and its 2R,3R enantiomer (Kojic Â-Prodic Â et al., 1984) . Compounds (I) and (II) (Figs. 1 and 2) both contain a stereogenic centre at atom C4, so giving rise to the possibility of R and S enantiomers. In (I), which crystallizes in the chiral space group P2 1 , the crystal examined contained the R enantiomer only. By contrast, (II) crystallizes as a racemic mixture in space group Pna2 1 ; the reference molecule in (II) was selected as having the R con®guration. Compound (III) also crystallizes as a racemate, in space group C2/c (Laavanya et al., 2002) , with the reference molecule again selected as the R enantiomer.
In the thiazepine rings of each of (I)±(III), the C11ÐC10Ð S1ÐC2 and C10ÐC11ÐN5ÐC4 torsion angles (Table 1) have similar magnitudes with opposite signs, as do the S1ÐC2Ð C3ÐC4 and N5ÐC4ÐC3ÐC2 angles, indicative of approximate pseudo-mirror symmetry for these portions of the ring, making due allowance for the differing atom types and bond distances. However, the magnitudes of the ®nal pair of torsion angles, C10ÐS1ÐC2ÐC3 and C1ÐN5ÐC4ÐC3, differ markedly, although they still have opposite signs. Accordingly, it is not possible to describe any of these ring conformations in terms of a single primitive form (Evans & Boeyens, 1989) . In (I), the thiazepine conformation is a mixture of boat, chair and twist-chair forms; in (II), the boat form is dominant, with a small contribution from the twist-chair form; and in (III), the conformation is best described as intermediate between boat and twist-boat. The bond lengths and angles in (I) and (II) show no unusual features.
The only direction-speci®c interaction between the molecules of (I) (Fig. 1) is an NÐHÁ Á ÁS hydrogen bond (Table 1) . Although the NÁ Á ÁS distance is greater than the sum (3.3 A Ê ) of the conventional van der Waals radii (Bondi, 1964) , an analysis (Allen et al., 1997) of hydrogen bonds having twoActa Crystallographica Section C
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Figure 1
The R enantiomer of (I), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
coordinate sulfur as the acceptor, using data retrieved from the Cambridge Structural Database (Allen, 2002) , indicated mean HÁ Á ÁS, NÁ Á ÁS and NÐHÁ Á ÁS parameters in such bonds, where S is bonded to two C atoms, of 2.74 (2) A Ê , 3.58 (3) A Ê  and 145 (3) , respectively. Accordingly, the NÐHÁ Á ÁS interaction in (I) appears to be typical of such hydrogen bonds. The status of NÐHÁ Á ÁS hydrogen bonds remains uncertain. While Desiraju & Steiner (1999) regard sulfur as a conventional hydrogen-bond acceptor, Allen et al. (1997) concluded that two-coordinate sulfur is a poor hydrogen-bond acceptor and that only in dialkyl sul®des lacking any other potential acceptors are XÐHÁ Á ÁS hydrogen bonds (X = N or O) likely to be signi®cant contributors to molecular aggregation. Against that view, we note that in triphenylmethanesulfenamide, Ph 3 SNH 2 , the molecules are linked into centrosymmetric R 2 2 (6) dimers by paired NÐHÁ Á ÁS hydrogen bonds (Glidewell & Ferguson, 1994) . The action of the NÐHÁ Á ÁS hydrogen bond in (I), where atom N5 in the molecule at (x, y, z) acts as a donor to atom S1 in the molecule at (1 À x, À 1 2 + y, z), is to link the molecules into a spiral C(5) (Bernstein et al., 1995) chain running parallel to the [010] direction and generated by the 2 1 screw axis along ( 1 2 , y, 0) (Fig. 3) . In (II), the molecules are linked by a single CÐHÁ Á Á %(arene) hydrogen bond (Table 2 ). Atom C8 in the molecule at (x, y, z) acts as a hydrogen-bond donor to the C51±C56 acyl ring in the molecule at (À 1 2 + x, 3 2 À y, z), so forming a zigzag [100] chain generated by the a-glide plane at y = 3 4 (Fig. 4) . Two chains of this type pass through each unit cell, but there are no direction-speci®c interactions between adjacent chains.
In contrast to the NÐHÁ Á ÁS and CÐHÁ Á Á%(arene) hydrogen bonds in (I) and (II), respectively, the structure of (III) (Laavanya et al., 2002) contains no hydrogen bonds or direction-speci®c interactions of any kind between the molecules.
Experimental
Compound (I) was synthesized by reducing 2,3-dihydro-2,2,4-trimethyl-1,5-benzodiazepine with sodium borohydride in methanol at 273 K (Hsing et al., 1966) . Compound (II) was prepared by benzoylation of (I) with benzoyl chloride and triethylamine in dry benzene under re¯ux conditions. Analysis for (II) The R enantiomer of (II), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level. For (I), the systematic absences permitted P2 1 and P2 1 /m as possible space groups; P2 1 was selected and con®rmed by the subsequent structure analysis. For (II), the systematic absences permitted Pna2 1 and Pnam (= Pnma) as possible space groups; Pna2 1 was selected and con®rmed by the subsequent structure analysis. All H atoms bonded to C atoms were located from difference maps and subsequently treated as riding atoms, with CÐH distances of 0.95 (aromatic), 0.98 (CH 3 ), 0.99 (CH 2 ) or 1.00 A Ê (aliphatic CH). The H atom bonded to the N atom in (I) was located from a difference map and then allowed to ride at the NÐH distance (0.95 A Ê ) deduced from the map. The absolute con®guration in (I) and the correct orientation of the structure with respect to the polar axis (Jones, 1986) X-ray data were collected at the EPSRC X-ray Crystallographic Service, University of Southampton, England; the authors thank the staff for all their help and advice. JNL thanks NCR Self-Service, Dundee, for grants that have provided computing facilities for this work.
Supplementary data for this paper are available from the IUCr electronic archives (Reference: SK1712). Services for accessing these data are described at the back of the journal. Hydrogen-bonding geometry (A Ê , ) for (I). Table 3 Hydrogen-bonding geometry (A Ê , ) for (II).
Cg1 is the centroid of the C51±C56 ring. 109.0 C6-C11-N5 120.55 (13) C10-S1-C2-C22 55.83 (14) C8-C9-C10-C11 1.3 (2) C10-S1-C2-C3 −70.33 (13) C8-C9-C10-S1 −172.23 (12) C10-S1-C2-C21
173.84 ( 
